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The  Effect  of  Temperature  on  the  Radiation 
Induced  Losses  of  Large  Diameter  GPS 
and  GBS  Core  Optical  Fibers 

I.  INTRODUCTION 

In  the  application  of  optical  fibers  to  military  systems  la  rye  diameter  libers 
with  hit'll  numerical  apertures  are  eons  hie  ret)  among  the  most  practical  because  of 
their  hit'll  source  coupling  efficiencies  and  relative  ease  if  handling  in  the  field. 

The  \\  fit'll  t  Aeronautical  I  .aboratorios  (AIAVAI.)  had  selected  this  tvpe  of  fiber  for 
the  implementation  of  a  fiber  optic  avionic  data  buss  design,  but  no  information  was 
available  on  (lie  nuclear  radiation  response  of  the  fibers  over  the  specified  operating 
temperature  range  of  -55  C  to  •  125  (.'.  Because  RAIK’/KS  had  an  on-going  in-house 
and  contractual  program  for  the  development  and  testing  of  radiation  liar.lened 
•  ptieal  fibers.  Al'WAI.  re<|uested  that  we  provide  them  with  tile  required  radiation 
effects  data. 

The  optical  fiber  that  A  l  \\  A  I .  had  selected  for  the  data  buss  had  a  core  clad 
ratio  of  125/200  pm  and  a  nominal  numerical  aperture  of  0.  25.  The  liber  had  a 
germanium  pliosphosi  1  i <  ate  ((It'S)  core.  Previous  tests  at  room  temperature  on 
smaller  diameter  fibers  had  shown  that  (IPS  core  libers  had  better  recovers’  from 
induced  loss  follow  ini’  exposure  to  transient  radiation  than  fibers  with  {erin  anium 
borosilieatc  ((IBS)  cores.  However,  when  exposed  to  steady-state  radiation  the 
C *  PS  core  libers  showed  as  much  as  an  order  of  magnitude  greater  induced  loss  than 
(IBS  core  libers  exposed  to  the  same  total  radiation  lose.  It  was,  therefore. 

(deceived  for  publication  2)1  I  ebruarv  P'lt-4) 


let:'  led  to  also  perform  tests  in  (iliS  curt-  libers  having  the  same  phvsi<  a!  dimen¬ 
sions  and  optical  properties  as  the  Cl'S  core  t'ihei-s. 

The  anneal  fibers  tested  wore  prepared  lie  fiailiie  o  Kleeti  i  Opt!  s  t'  ifij,  tin  ter 
contract  I-  1 U62H -7 t  '  -IIO'i!1  anil  wore  essential  I c  mta  keen  vc:  sons  •:  that 
tmoanv's  commercial  proluet.  1  he  fibers  h  el  ■  -( > t  >  lad  rail  >.-  and  numerical 
aport'tres  within  the  pp".  i  uislv  mentioned  sp"eifiea'  tor.s  an  i  losses  of  |e.-.-  tnan 
6  dl'r  km  at  Hat)  nni.  1  >  distinguish  these  litters  from  o'hers  prepare  1  under  the 
eonlraet  the  Cl'S  filter  was  laheled  V\  1 ' - 6  and  the  C  liS  filter  \\  l'-7.  In  ad  liti  m  to 
preparation  of  tlte  fibers,  the  contractor  also  designed  and  built  to  our  specifications 
a  special  ten- tie rature  control  chamber  for  use  with  the  KAIH'  radiation  sources. 
Heal -time  steadv  stttte  and  transient  tests  of  the  fibers  were  performed  at  -55 
■  2a  and  •  125  All  tests  for  a  particular  fitter  were  performed  on  fiber  taken 

front  a  single  draw  in  order  to  avoid  variations  in  results  that  could  lie  cause  i  Itv 
differences  between  preform  fabrication  anti  drawing  processes. 


2.  EXPERIMENTAL  PROCEDURES 

The  temperature  control  chamber  designed  for  the  tests  was  constructed  of  ill 
low  atomic  number  materials,  except  for  the  heating  elements  which  were  locate  i 
some  distance  front  the  fiber  position,  in  order  to  avoid  perturbation  ol  'lie  radiation 
dose  at  the  sample  position.  The  walls  were  double  plvwood  w  ith  fiberglass  insula  - 
'ion  and  the  sample  <  handier  was  aluminum.  The  chamber  was  iiv  ided  horizontally 
liv  alttr-  inuni  bafllcs  to  one  of  which  was  mounted  a  ‘ >0 tj  U  healing  den  out  use  t  to 
attain  temperatures  up  to  150  (he  lower  part  >f  the  chamber  served  as  a 

liquid  nitrogen  reservoir.  I  he  libers  were  wound  >n  12-em  liameter,  1.  5  -err  thick 
aluminum  reels  which  mounted  on  the  upper  end  of  a  moveable  aluminum  strut.  Idle 
base  of  the  strut  rested  in  tile  bot'om  >f  'lie  chamber  s  >  that  it  served  as  a  cold 
linger  when  the  reservoir  was  filled  with  liqtn  1  ni>  rogen.  A  low  -power  heating 
element  attached  to  ‘he  strut  ■  ontrollc  I  the  lower  tern pera’urcs,  measure  I  bv  a 
•  he rmocotiple,  at  the  sun  tile  nosit  ton. 

Tent pe natures  were  m.aintaine  (  to  wittiin  !  l  tic  proportional  controllers  an  i 
tlivristor  packs  mounted  in  a  ■  ons  >)e  that  oul  I  lie  locate  I  up  to  2a  m  front  tlte 
chamber  and  radiation  s  mr.  es.  i  he  ons  de  also  include  I  a  Itgi'al  therm  or  ■•ter 
for  continuous  temperature  r:  imtoidng  an  I  an  automatic  lupii  t  nitrogen  till  loutroller 
which,  in  conjunction  with  a  tit)  liter  nressurt/e  i  lewar.  ml  i  n  aintatn  tlte  low 
teniperatut'es  for  at  least  Ij  hours. 

T  he  steady  -  state  i  era  li  at  i  ms  w  e  i  *  ■  pe  r!  1 1  me  i  using  t  tie  i{  \  I  a  t '  >  s  mr-  e, 

7  5  -  tn  I  eng  i !  s  ■  f  tils  r  w  <•  re  w  mn  I  m  -tie  a  I  u-  i  nu"  . . Is  an  I  r  unite  i  m  t  lie  ■  ■•■■  i  ■■  ■  r.a 

'  ire  control  chamber.  \o  a  t  Jitemal  t  m  >t  '  i i •  i*  at  e:|.  0  ,  n  |  ip,.  ti|u-r  •  oil 
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served  as  input  and  output  leads.  The  chamber  and  fiber  were  positioned  in  the 

cobalt  cell  so  the  fiber  would  be  exposed  to  a  dose-rate  of  about  300  rads /min 
60 

when  the  Co  source  was  raised  from  its  shield.  The  input  and  output  leads  of 
the  fiber  were  passed  through  a  port  in  the  cobalt  cell  shield  wall.  The  input  lead 
was  butt-coupled  to  the  pigtail  of  an  850-nm  temperature  stabilized  light  emitting 
diode  (LED)  operated  in  the  continuous  mode  and  the  output  lead  was  coupled  to  a 
PIN  photodiode -am plifier  detector.  The  output  of  the  detector  was  connected  to  a 
chart  recorder  and  a  digital  voltmeter  to  continuously  monitor  fiber  transmission. 
The  chart  recorder  was  also  used  to  monitor  recovery  of  the  induced  loss  after 
the  irradiation. 

Dosimetry  was  performed  using  an  ionization  chamber  and  thermoluminescent 
dosimeters  (Tl.D's).  The  TED'S  were  attached  directly  to  the  fiber  reels  in 
quadrature  to  measure  the  total  dose  received  by  the  fiber.  The  ionization  chamber 
could  not  operate  at  the  temperature  extremes  used  in  these  tests,  so  it  was  located 
outside  and  adjacent  to  the  temperature  control  chamber  in  a  position  where  it  re¬ 
ceived  approximately  the  same  exposure  as  the  fiber.  The  ionization  chamber 
readout  (Yictoreen  Hadocon  II)  was  set  to  read  accumulated  dose  and  its  output  con¬ 
nected  to  a  second  pen  on  the  hart  recorder  so  that  fiber  transmission  ami 
accumulated  dose  could  be  measured  simultaneously,  hollowing  the  irradiation  the 
Tl.D's  were  used  to  calibrate  the  dose  indicated  bv  the  ionization  chamber. 

The  transient  tests  were  performed  using  the  KADC  flash  x-ray  generator 

which  produces  a  20  nsec  pulse  of  nominal  2  .Mr V  peak  energy.  Tests  were  per- 

8  <> 

formed  at  two  dose -rates  of  nominal  10  rads/sec  and  10'  rads/sec.  A 
ihermoelectrirall v  cooled  820-nm  laser  diode  operated  in  continuous  mode  was 
used  as  the  source  input  to  the  fiber  and  a  PIN  photodiode  and  50  MHz  bandwidth 
amplifier  was  used  as  the  detector.  The  source  was  located  in  the  irradiation  area 
hut  out  of  the  x-rav  beam.  The  output  lead  of  the  fiber  was  coupled  through  a 
fiber-optic  link  to  the  detector  located  in  the  experiment  control  area.  The  output 
of  the  detector  was  connected  lo  four  oscilloscope  inputs  and  a  chart  recorder  with 
time  base  to  obtain  a  time  span  from  less  than  50  nsec  to  more  than  60  sec. 
Dosimetry  was  performed  using  a  small  PIN  diode  in  direct  contact  with  the  fiber 
on  the  reel,  except  at  •  125  ’('  where  the  PIN  diode  could  not  be  operated.  In  the 
latter  ease,  dose-rate  was  estimated  from  the  average  of  dose-rates  measured  in 
preceding  "shots"  at  lower  temperatures  in  the  same  position  relative  to  the  flash 
x-rav  target. 

As  for  the  steady -state  irradiations,  75-m  lengths  of  fiber  were  used  for  the 
transient  tests.  New  lengths  of  fiber  were  used  for  each  irradiation  with  the  excep¬ 
tion  of  t Do  tests  at  10**  rads/sec  where  it  was  found  in  preliminary  trials  that  the 
results  of  several  "shots"  on  the  same  fiber  were  indistinguishable  front  out'  another. 
It  was  also  found  that  the  results  of  two  or  three  irradiations  of  the  same  length  of 


g 

fiber  at  10  rads/ sec  appeared  identical,  but  it  was  decided  to  maintain  the  use  of 
fresh  fiber  for  each  irradiation  at  this  level. 

Before  presenting  the  radiation  test  results,  it  is  important  to  mention  sig¬ 
nificant  changes  in  fiber  transmission  observed  during  variation  of  temperature. 

The  greatest  changes  were  observed  during  heating.  As  the  fibers  were  heated 
from  room  temperature,  the  detected  light  output  dropped  steadily  until  at  +  125°  G 
it  was  less  than  10  percent  of  the  initial  value  for  the  UPS  core  fiber  and  less  than 
50  percent  of  the  original  value  for  the  CBS  fiber.  It  is  possible  that  these  losses 
in  transmission  were  due,  at  least  in  part,  to  stress  produced  in  the  fibers  by 
expansion  of  the  aluminum  reels.  However,  it  is  difficult  to  explain  the  observed 
difference  between  the  amount  of  loss  in  transmission  for  the  GPS  and  UBS  fibers 
since  they  were  essentially  identical  except  for  core  composition. 

As  the  fibers  were  cooled  a  drop  in  signal  was  also  observed,  but  not  nearly 
as  severe  as  with  increasing  temperatures.  For  both  the  GPS  and  GBS  fibers  the 
detected  light  output  was  above  90  percent  of  its  initial  value  at  -55“  In  either 
case,  however,  once  the  final  temperature  had  been  reached  signal  fluctuations 
were  observed  as  the  temperature  cycled  around  its  control  point  even  though  the 
temperature  variations  were  only  in  the  ±  1"  ('  range.  These  fluctuations  in  detected 
output  have  an  important  bearing  on  the  accuracy  of  the  steady-state  test  results. 
Without  the  fluctuations  the  estimated  accuracy  is  ±  1  dB/km.  At  -55“  C  and  *25°  G 
the  fluctuations  change  this  to  ±  2  dB/km.  At  +  125°  G  for  the  GBS  core  fiber  this 
same  order  of  accuracy  probably  holds,  but  for  the  GPS  core  fiber,  due  to  the 
severe  loss  of  signal,  the  accuracy  is  probably  reduced  to  no  better  than  ±  1U  dll  km. 
For  the  transient  tests  estimated  accuracy  is  ±  5  dB/km  based  on  the  readability  of 
oscilloscope  photographs.  Because  of  the  short  time  spans  over  which  the  transient 
measurements  were  made,  the  signal  variations  should  not  change  this.  However 
the  loss  of  signal  at  +125°  G  for  the  GPS  core  fiber  probably  reduces  the  accuracy 
to  ±  6  dB/km  due  to  the  decrease  in  signal-to-noise  ratio. 


3.  RESULTS  OF  STEADY-STATE  TESTS 

Figure  1  shows  the  radiation  induced  loss  as  a  function  of  dose  for  the  GPS  core 
fiber  (WP-6).  At  any  given  dose  the  induced  loss  increases  monotonically  with 
increasing  temperature.  Figure  2  shows  the  comparative  data  for  the  GILS  core  ftbei 
At  +25°  G  the  induced  loss  at  any  dose  is  about  one-half  that  of  the  Gl’S  core  fiber. 
The  induced  loss  is  higher  at  +  125’  G  but  still  much  lower  than  that  of  the  Gl’S  core 
fiber.  At  -55°  G  however  there  is  a  large  increase  in  the  rate  of  induced  loss  w  ith 
dose  and  the  induced  loss  at  any  dose  is  much  greater  than  that  of  the  GPS  core  fiber 
at  any  temperature.  To  facilitate  the  comparison  of  these  results.  Table  1  shows  the 
initial  rates  of  induced  loss  in  dll/km-krad  measured  in  the  0-1  krad  cange. 
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The  data  in  Table  1  is  tor  comparison  purposes  only  and  it  should  be  clear  from 
the  non-linearitv  of  the  plots  shown  in  Figures  1  and  2  that  the  initial  rates  of 
induced  loss  cannot  be  extrapolated  linearly  to  estimate  induced  loss  at  higher-  doses. 

following  tire  irradiations  the  fibers  were  maintained  at  the  test  temperatures 
for  several  hours  to  observe  any  annealing  of  induced  loss  that  might  occur.  Fig¬ 
ure  .'1  shows  the  observed  recovery  of  induced  loss  for  the  Cll’S  core  fiber.  Although 
there  was  some  slight  annealing  during  the  first  few  minutes  after-  irradiation  at  all 
temperatures,  this  fiber  shows  significant  continuous  annealing  only  at  -  '25s  C. 
Figure  4  shows  the  observed  r  ecovery  of  induced  loss  for  the  UBS  core  fiber.  At 
+  2.r)°  ('  and  +125°  (.'  the  annealing  looks  similar  to  that  of  the  Gl’.S  core  fiber.  The 
-55°  C  data  however  shows  a  very  high  annealing  rate.  Even  so,  the  induced  loss 
at  -5 fr-T  remains  much  higher  than  the  losses  at  +25°  ('  and  *■  125°  C.  These  results 
are  clarified  by  Table  2  which  shows  the  induced  losses  one  hour  after  the  irradia¬ 
tions. 
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Figure  I.  Induced  Loss  vs  Dose  for  Steady-State  Irradiation  of  Cll’S  fore 
Optical  Fiber 
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Figure  2.  Induced  loss  vs  Dose  for  Steady-State  Irradiation  of  (IBS  Core 
Optica]  Fiber 


Table  1.  Initial  Kates  of  Induced  I.oss 
idB/km-kradl 


FRACTION  OF  INOUCEO  LOSS  FRACTION  OF  INDUCED  LOSS 


RECOVERY  OF  RADIATION  INDUCED  LOSS 
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1  it;  lire  d.  Recovery  of  Induced  Loss  for  Cl’S  Core  fiber  Following 
Steady-State  I rradiation 


RECOVERY  OF  RADIATION  INDUCED  LOSS 
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figure  4.  Recovery  of  Induced  Loss  for  CHS  Core  Fiber  following 
Steady-State  I  rradiation 
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Table  2.  Induced  Loss  One  Hour  After  Irradiation 


T  <C°> 

GPS  tWP-6) 

GBS  (WP-71 

Lo 

II 

L/Lo 

Lo 

L 

I./Lo 

-55 

119 

H 

0.  96 

363 

224 

0.  62 

+  25 

155 

I 

0.  98 

5  1 

48 

0.  94 

4  125 

178 

m 

0.  84 

92 

84 

0.  1 

Lo  =  loss  at  end  of  irradiation  (dB/km) 
L.  =■  loss  one  hour  after  irradiation 


An  interesting  observation  was  made  following  the  annealing  tests  at  -55-  c. 

Both  the  GPS  core  and  CiBS  core  fibers  were  reheated  to  +25°  G  where  they  showed 
the  same  residual  losses  as  those  measured  when  they  were  irradiated  at  that 
temperature.  Unfortunately,  similar  tests  could  not  be  made  following  the  annealing 
at  +125“  C  because  of  the  previously  mentioned  changes  in  fiber  transmission  with 
increasing  temperature. 


4.  RESULTS  OF  TRANSIENT  RADIATION  TESTS 

1'igure  5  shows  the  induced  loss  as  a  function  of  time  following  irradiation  of 

<t 

the  GPS  core  fiber  with  a  nominal  10'  rad/sec  flash  x-ray  pulse.  Here,  and  for  the 
other  transient  test  results,  the  data  has  been  normalized  lo  a  dose- rate  of 
10U  rads/sec.  This  facilitates  comparison  of  the  data  since  the  flash  x-ray 
generator  does  not  necessarily  produce  the  same  dose-rate  from  pulse  to  pulse  even 
though  all  other  irradiation  conditions  remain  constant.  To  obtain  the  actual 
measured  induced  losses  multiply  the  indicated  normalized  induced  losses  by  the 

y 

actual  dose-rate  shown  on  the  figure  divided  by  10  ,  that  is,  in  this  ease  multiply 

by  11. 

The  data  in  Figure  5  show  that  for  the  GPS  core  fiber  the  transient  induced  loss 
increases  with  decreasing  temperature.  This  is  the  opposite  of  the  temperature 
dependence  observed  during  the  steady-state  radiation  tests.  However,  in  the 
transient  tests  we  are  observing  recovery  from  a  high  initial  loss  obscured  bv  Cerenkov 
radiation  generated  in  the  fiber.  The  transit  time  of  the  Cerenkov  radiation  in  the 
fiber  is  estimated  to  be  about  500  nanosec.  Therefore,  we  cannot  determine  the 
temperature  dependence  of  the  initial  induced  loss,  particularly  since  the  data  shows 
slower  recovery  of  induced  loss  at  lower  temperatures.  The  initial  induced  loss  at 
higher  temperatures  could  be  greater  than  that  at  lower  temperature  but  the  loss  may 
have  decreased  significant! v  by  the  time  the  losses  became  observable. 


NORMALIZED  INDUCED  LOSS  (dB/hm)(IC^  fOd/Stc)"* 


Figure  5.  Transient  Response  of  CD’S  Core  liber 


The  GPS  core  fiber  was  also  irradiated  at  a  nominal  dose- rate  of  10K  rads  /see, 

but  the  induced  losses  were  too  small  to  give  meaningful  recovery  data  within 

experimental  error.  However,  the  maximum  observed  induced  losses  were  approxi 

8  o 

mately  proportional  to  dose- rate,  l  or  both  the  10  rad /see  and  10  rad  see 
irradiations  recovery  of  the  induced  losses  was  essentially  complete  by  10  msec 
after  the  pulse  at  all  temperatures. 

Figure  6  shows  the  induced  loss  as  a  function  of  time  for  the  CHS  core  fiber 

ft 

following  irradiation  with  a  nominal  10  rad/sec  flash  x-ray  pulse.  As  for  the  Cl’S 
core  fiber  the  observed  losses  increase  with  decreasing  temperature.  The  induced 
losses  are  significantly  greater  than  those  observed  for  the  Cl’S  core  fibers  and  the 
recovery  rates  are  slower.  Although  recovery  of  the  induced  losses  at-*25"C'  and 
+  125°C  is  essentially  complete  in  less  than  10  msec  after  the  x-ray  pulse,  loss  was 
still  observed  up  to  (10  sec  after  the  pulse  at  -55"  (Data  in  the  msec  range  at 
-55°  C  has  been  omitted  because  of  overshoot  in  the  oscilloscope  trace  that  was  not 
detected  until  the  photographs  of  the  transients  were  analyzed  in  detail.  1 
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Figure*  Transient  Response  of  C'* HS  C  oro  Fiber  Fxposed  to 
Nominal  10*°  rad  ' sec  X-rav  Pulse 


l'or  a  quantitative  comparison  of  the  transient  responses  of  the  C.'FS  core  an<. 
G  HS  core  fibers.  Table  3  shows  the  induced  losses  100  /.sec  after  exposure  to  tin. 
nominal  10  rad  sc.-  flash  x  rav  ntilse  ( the  data  has  been  corrected  for  deviations 
from  the  nominal  dose- ra tel. 


Table  3.  Induced  Foss  <dl>  km)  100  /i see 
u 

After  10  rud'soc  X-rev  Puls*’ 


CiPS  (\\  P-(j> 


CMS  i  \\  P-7) 


•55 

12.  S 

+2r 

0.  !• 

+  125 

0.  5 

NORMALIZED  INDUCED  LOSS  (dB/km)(lcP  iod/sec)' 


The  GliS  I'orc  fiber  was  also  irradiated  at  a  nominal  dose-rate  of  10“  rads 'see 
and  the  results  are  shown  in  l-'igure  7.  I  nlike  the  eor responding  irradiation  of  the 
Gl’S  core  fiber  the  induced  losses  were  clearly  measurable.  Comparing  f  igure  7 
with  Figure  (>,  the  normalized  induced  losses  for  the  !0"  r  id,' see  x-ray  pulse  are 

(i 

approximately  1.4  times  greater  than  those  observed  tor  tin-  10  rad.  sec  pulse  at 
all  temperatures.  This  shows  that  the  transient  induced  losses  for  the  Glib  con- 
fiber  are  not  proportional  to  dose-rate. 


Figure  7.  Transient  Response  of  (IKS  Core  Tiber  l.xposed  to  Nominal  1  <>"  rad  sec 
\-ray  1’ulse 


5.  SUMMARY  OI  RTSUI  TS 

The  results  of  the  radiation  response  tests  of  tin-  large  diameter  Gl’s  core  .nd 
(JUS  core  optical  fibers  may  be  sumtn.i  ri/ed  ,s  follows: 
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S.l  Steady-State  Irradiation 


(a)  For  irradiations  at+25°C  and  + 125° C  the  loss  induced  in  the  GB. 5  core 
fiber  was  approximately  twice  that  induced  in  the  GBS  core  fiber  for  any  given 
total  dose. 

( b>  The  loss  induced  in  the  GBS  core  fiber  increased  nionotonically  with 
temperature  while  the  loss  induced  in  the  GBS  core  fiber  was  a  multivalued  function 
of  temperature. 

Ic>  At  -55°  C  the  loss  induced  in  the  GBS  core  fiber  was  more  than  an  order 
of  magnitude  greater  than  the  loss  induced  at  +2^  t  . 

(d)  Significant  recovery  of  induced  loss  after  irradiation  was  observed  only  at 
+  125°C'  for  the  GBS  core  fiber  while  the  GBS  core  fiber  showed  recovery  at  both 
+  125°  C  and  -55°  C,  but  at  -55''  G  the  loss  induced  in  the  GBS  core  fiber  remained 
significantly  greater  than  the  loss  of  the  GBS  core  fiber  eight  hours  after  irradiation. 

5.2  Transient  Irradiation 

(a)  f  ollowing  exposure  to  a  20  nanoscc  x-ray  pulse,  both  fibers  showed  in¬ 
creased  induced  loss  with  decreasing  temperature. 

(b)  The  maximum  observed  induced  loss  in  the  GBS  core  fiber  was  2  to  10  times 
greater  than  that  for  the  GBS  core  fiber  following  exposure  to  an  x-ray  pulse. 

Ic)  The  rate  of  recovery  from  induced  loss  for  the  GBS  fiber  was  at  least  twice 
that  of  the  GBS  fiber  after  exposure  to  an  x-ray  pulse. 

( d>  The  transient  x-ray  induced  loss  was  approximately  proportional  to  dose- 
rate  for  the  GBS  core  fiber  but  the  induced  loss  per  unit  dose-rate  was  greater  for 
the  GBS  core  fiber  exposed  to  a  lower  dose- rate. 

It  must  be  understood  that  the  results  of  the  tests  reported  here  are  applicable 
only  to  the  specific  optical  fibers  tested.  Although  o titer  experience  witli  radiation 
effects  studies  on  smaller  diameter  fibers  of  similar  generic  compositions  showed 
the  same  general  trends  as  those  reported  here,  differences  in  specific  composition 
or  fabrication  processes  could  produce  significantly  different  radiation  responses 
in  fibers  that  may  appear-  equivalent  to  those  tested. 
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